INTRODUCTION
The ultimate sensitivity of SQUIDS to magnetic flux results not only in applications for exclusive purposes, but they are also established in biomagnetic measurements and emerging in nondestructive evaluation (NDE) [I-31. Becausc of the high costs wider applications were restricted as long as liquid helium for cooling and especially shielded rooms to protect the SQUID f?om environmental disturbances were needed. The comparable cheap coolant liquid nitrogen used for devices made of high temperature superconductors raised new interest to apply SQUIDs in lower cost measurement systems, thus outside shielded rooms. The purpose of our work is to develop high T, dc-SQUIDS for NDE of deep defects in the millimetre or centimetre range. The SQUIDs have to be able to operate without shielding in conventional electromagnetically disturbed environments. NDE offers the possibility to use gradiometer structures which remain sensitive to near sources of magnetic fields (defects in the investigated material) and suppress external magnetic disturbances which are nearly homogeneous because of their long distance i?om the SQUID. Due to the skin effect in the materials to be investigated (steel or aluminium) NDE of deep defects demands a high field gradient sensitivity in the 1 or 10 Hz eequency range. This requires a low flux noise of the SQUID structure in this frequency range and a large effective area Furthermore the baseliie of the gradiometer should be comparable to the distance of the SQUID to the defects to achieve best sensitivity [4] . A large effective area can most easily be achieved with a large bare SQUID. However this way is restricted because of the SQUID inductance which should not exceed 100 pH at 77K [S]. For this reason it is advantageous to use a separate pickup coil having a large effective flux capture area To avoid inductance misnatch between the SQUID and pickup coil it can be coupled to the SQUID via a multiturn spiral input coil. The SQUID is usually formed as a washer [6]. These complex structures have already been realised in high T, [7, 8] , but the fabrication is still difficult.
Such devices usually exhibit substantial llf noise which is drastically enhanced in unshielded operation. This also holds for devices where SQUID and pickup coil with flux transformer are fabricated on separate chips and afterwards pressed together in nip chip configuration 191.
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JOURNAL DE PHYSIQUE IV Therdore single layer devices are still attractive for SQUID designs. This can be a large washer that takes advantage of the flux focusing effect [lo] without'increasing the SQUID inductance.
For magnetometers with this concept a good field resolution of 170 ff/IJHz down to fkequencies of 1 Hz was achieved [I 11, but for gradiometers the slit in the washers would increase the inductance unacceptably. Another approach is to couple a large gradiometer pickup coil directly to the SQUID . The SQUID as a galvanometer detects the current orijjnated by the field in the pickup loop. Although for this layout the inductance mismatch between pickup coils and SQUID will be substantial, acceptable effective areas can be achieved. Field resolutions of such directly coupled magnetometers (or also called "galvanometers") of 26 fl/dHz at 1 Hz are reported [17] . We investigated a directly coupled gradiometer SQUID. Its design will be described in section 2. In section 3 and 4 we report on the fabrication technology and obtained results for several gradiometers, respectively. Especially, first results in a NDE application will be presented.
DESIGN
The layout of the single layer parallel gradiometer SQUID is shown in Fig. 1 . In the central line of the gradiometer loop there are four SQUIDS in series. To study the influence of the SQUlD inductance on the performance of the gradiometer, various SQUID loop sizes were used. where P=2LmIc/@,, is the SQUID parameter, L,, the SQUID inductance, I, the critical current of one Josephson junction, and @,the flux quantum. So, to get a low magnetic flux noise the junctions should have a high IJ product, and the SQUID should have a low inductance. L,, and I, on the other hand must be balanced to have P not much larger than 1 [20] . Additionally the influence of the SQUID inductance on the effective area Aef =2A
KLse
Pu 2kLSQ +L, must be taken into account, where A, and L, are the pickup area and the inductance of one gradiometer loop, respectively. k <1 represents the part of the SQUID loop where the current &om the pickup loops flows. The inductance of the rectangular SQUID was estimated with three different formulas: for coplanar lines [21] , for a round washer, and for a quadratic washer too.
To be able to use a SQUID which is near the optimum Length of the SQUID loop, pm performance for a given I, the Fig. 2 . Field noise and SQUID parameter calculated for I, = 20 four SQUIDS got hole lengths of (lower-), 40,80, and 160 f l (upper cwe). 40,80,120 and 160 pm.
FABRICATION
The SQUID structures were realised using symmetrical 24' (100) SrTiO, bicrystals. A 100 nm thick YBa&~,O,-~layer was deposited, either by hollow cathode sputter deposition (HC) or by pulsed laser deposition (PLD). The critical current densities at 77 K for the HC and PLD layers are up to 2-lo6 A/cm2 and 3.106 A/cm2 , respectively. Directly after YB%Cu3O7, deposition a 100 nm thick gold layer was evaporated. Atter removing gold and YBqCu,O, f h at the substrate edges the SrTiO, was shortly etched with diluted HF to make the grain boundary visible. Next YBa&u,O, and gold were patterned using Ar ion beam etching through a photoresist mask. The width of the junctions was about 7 pm. Shielded measurements were performed with two concentric mu-metal cylinders. Fig. 3 shows examples of noise spectra.
RESULTS

AU
To determine the magnetic field sensitivity JS, and the effective and parasitic areas the SQUIDS were used without shielding in a plastic cryostat. V(r) characteristics taking into account the thermal noise Fig. 3 . The noise spectra of SQUID #1 measured in magnetical shieidings rounding.
with dc-and ac-bias and without shielding. The results show that except for SQUID #3 reasonable good magnetic flux noise d, could be achieved. Without shielding the noise level increases approximately by one order of magnitude. Best field resolution showed SQUID #2. Here the low critical current allowed to use a larger SQUID loop that gives a larger effective area. To take further advantage of the larger SQUID loops the junction width should be reduced to about 1 pm to have small critical currents and still a high 13 product. The large parasitic areas in the sensitive direction of the gradiometer are originated by the magnetometer structure of the SQUID itself
With SQUID #3 first eddy current NDE measurements were performed. Fig. 4 shows the experimental setup. We tried to detect a 4 cm long, 1 mm wide slit made in a 4 mm thick 400 x 400 d plate of 99.5% aluminium. The plate with the slit was placed at different distances to the SQUID and was covered with other A1 plates. A straight wire carrying an ac current was used for excitation of eddy currents. In Fig. 5 the results of the measurements are given which show the principal possibility to detect defects in various depths with our high To SQUID gradiometer. 
